Pancreatic adenocarcinoma (PDAC) and extrahepatic cholangiocarcinoma (ECC) are highly lethal malignancies with limited treatment options. Both a small subpopulation of cancer stem cells (CSC) and the deregulation of the notch pathway have been considered potential sources of tumor formation. In this study, flow cytometry (FCM) was conducted to identify the CSC population and Notch-associated proteins in ECC and PDAC cell lines. Additionally, the treatment effect of Gemcitabine and the specific notch-inhibitor DAPT on ECC and PDAC cell lines was evaluated. Our results show that the amount of SP cells in ECC cell lines is significantly higher than in PDAC cell lines, and that SP-ECC cells show a higher sensitivity to therapy. In conclusion, inhibition of Notch signaling with DAPT may be of therapeutic value in ECC, but seems to show no effect on more aggressive PDAC. As it could be essential for the improvement in outcomes of the ECC patients, other trials are needed to determine the role of further Notch components.
Introduction
Pancreatic ductal adenocarcinoma (PDAC) and extrahepatic cholangiocarcino-ma (ECC) are aggressive tumors that display an increasing incidence and high mortality rates [1] [2] [3] .
Successive genetic mutations in epithelial cells of both ductal systems lead to corresponding precursor lesions such as pancreatic intraepithelial neoplasm (PanIN) and the biliary intraepithelial neoplasia (BilIN) [1] [2] [4] . The step-by-step progression of these neoplastic lesions finally leads to a malignant transformation [1] [2] [4] .
Distal cholangiocarcinoma (dCC) is a subtype of extrahepatic cholangiocarcinoma, which develops from the distal bile duct. The differentiation of this neoplastic entity from ductal adenocarcinomas arising from the head of pancreas is complex, due to their anatomical proximity and their overlapping histopathological and morphological appearance [5] .
For both entities, the only curative therapy remains radical surgical resection [2] [3] . The prognosis of PDAC and dCC patients after R0 resection differs in 5 years overall survival rates of 15% -20% for PDAC and 27% -30% for dCC [2] [3]. In cases deemed unresectable, first-line chemotherapy consists of a combination of Gemcitabine and cisplatin for ECC whereas standard of care for PDAC consists of Gemcitabine, FOLFIRINOXor Gemcitabinein combination with Taxanes such as nab-Paclitaxel [6] [7] . Although life expectancy could be improved with those therapeutic approaches, in light of the poor prognosis of these cancer types, as well as the lack of curative success that has been achieved through the use of conventional chemotherapeutics, it is necessary to focus on the development of new treatment targets and regimens for these neoplasms.
In an increasing number of tumor entities, cancer stem cells (CSC) have been discussed as a potential new therapeutic target. In opposition to the stochastic tumor model which supposes that carcinomas are homogenous masses of highly proliferating cells, the CSC concept postulates both cellular diversity and hierarchy in solid tumors [8] . A small subpopulation with stem cell-like characteristics, which may initiate tumor cell growth and survival, has been described to co-exist with the stromal cell compartment and a variety of immune and cancer cells [8] [9] . CSCs display a potential for migration and self-renewal, which in turn increases the risk for metastasis and tumor relapse after therapy [8] [9] . Furthermore, CSCs are said to be responsible for the chemotherapeutical resistance of tumors due to their influence on the cell cycle and the presence of efflux transporters [8] . These so-called ATP binding cassette channel transporters are capable of expelling fluorescent HOECHST-dye, thus allowing their detection through flow cytometry (FCM). Previous publications have hypothesized that the morphologic and functional characteristics of CSCs may determine both the degree of malignancy and likelihood of treatment failures [8] . Thus further understanding of deregulated molecular mechanisms in CSCs may enable the development of targeted therapies that will advance the quality of life and survival of cancer patients [9] . notch signaling pathway during embryonic development leads to the repression of further differentiation processes in neuronal, stromal, cardiac and vascular precursor cells [10] . With respect to the pancreas and the biliary tree, notch signaling increases the proliferation of pancreatic progenitor cells and inhibits the recruitment of exo-and endocrine cells from the stem cell pool [10] [11] [12] .
Similarly, the deregulation of the notch pathway seems to play a key role in the formation of neoplasms such as PanINs and the tumorigenesis of various carcinomas [10] [11].
The following study intended to achieve two primary goals: Firstly, we aimed to describe the CSC fraction in PDAC and ECC cell lines, in an attempt to further characterize the biomolecular features of both tumor entities. Secondly, we investigated whether notch-associated proteins are deregulated in PDAC and ECCCSCs in vitro and sought to determine the efficacy of a pharmacological Notch signaling inhibition using a gamma secretase inhibitor (DAPT). Furthermore, we examined the effect of the widely used chemotherapeutic drug, Gemcitabine, on the subset of CSCs. Thus, this study evaluates the relevance of the notch pathway as a potential new target in ECC and PDAC, while seeking to compare its efficacy with an established chemotherapeutic drug, Gemcitabine.
Results

The Proportion of Side Population (SP) Cells and Notch Pathway Components Varies in PDAC and ECC Cell Lines
To investigate whether CSCs are present in PDAC and ECC cell lines, side population (SP) sorting via flow cytometry was performed.
The mean percentages of SP cells in ECC cell lines were3.83 ± 0.45 SEM (2.1% -5.1%) and 1.68 ± 0.12 SEM in PDAC cell lines (1.1% -2.1%, Figure 1(a) ).
Thus, ECC cell lines showed a significantly higher proportion of SP cells than Figure 1(b) ). Based on the observation that SP cells do exist in ECC and PDAC cell lines, we investigated the activation of the Notch pathway in this subpopulation. To determine and compare the expression of Notch pathway components in SPand Non-SP fractions of ECC and PDAC cell lines, antibody staining was conducted and measured by flow cytometry.
Our findings show that Notch-associated proteins are present in the SP fractions of ECC and PDAC cell lines (Table S1 ). Nevertheless, we could not reveal a significant up-or down-regulation of the examined notch-associated proteins in SP compared to Non-SP cells.
The presence of notch-associated proteins varies between PDAC and ECC cell lines. In PDAC cell lines, Panc1 expresses a high amount of Notch1, Notch4 and Adam17 while Capan and ASPC show only moderate expression of these pathway components. Hes1 and Musashi are poorly expressed in all PDAC cell lines (Table S1 ). In opposition to that, ECC cell line TFK shows a high expression of Hes1 and Musashi (data not shown). However, we could not prove a significant difference between the expression of these proteins in ECC and PDAC cell lines.
The Therapeutic Efficacy of DAPT and Gemcitabine Is Cell
Line-Dependant A CellToxGreen Assay was performed to measure the viability of PDAC and ECC cell populations following DAPT and Gemcitabine treatment. Additionally, TUNEL staining was used to explore the apoptotic effects of the indicated treatment.
Regarding the effects of Gemcitabine, the CellToxGreen Assay indicated a significant increase of cell death in Panc1 (50, 500 and 1000 µM) and ASPC (10, 50, 500 and 1000 µM) cell lines (Table S2, Figure 2 ). Using a TUNEL assay we were able to show a clear increase in apoptotic signaling under Gemcitabine treatment, which we were unable to underpin with a statistically significance. In cell line Capan, Gemcitabine showed no cytotoxic effect on the total population.
Interestingly, no significant reduction of the EGI cell population was measurable under Gemcitabine treatment. In opposition to that, 50, 100, 500 and 1000 µM of Gemcitabine induced a significant increase in cell death for the TFK cell line (Table S2, Figure 2 ). TUNEL staining demonstrated similar effects: 1000 µM of Gemcitabine treatment induced the apoptosis in cell line TFK significantly (M 49.71 ± 16.97, SD 33.94, p = 0.04) but showed no effect on cell line EGI.
During the CellToxGreen experiment, 10 and 50 µM of DAPT increased the dead cell signal in cell line ASPC significantly compared to the untreated control. Table S2 .
(Table S3, Figure 3 ). Treatment of PDAC cell lines Capan and Panc1 with DAPT showed no significant cell death. In opposition to that, ECC cell lines demonstrated a significant increase of cell death when incubated with 5 µM DAPT (EGI, Table S3, Figure 3 ) and 50 µM DAPT (TFK, Table S3, Figure 3 ). Simultaneously, TUNEL staining showed a considerable but not significant increase of apoptosis in EGI (at 50 µM DAPT M 32.28 ± 19.96, SD 34.58, p = 0.57) and TFK cell lines (at 50 µM DAPT M 27.65 ± 7.12, SD 14.25, p = 0.36, Figure 4 (a) and Figure 4(b) ).
In conclusion, the cytotoxic and apoptotic effects of DAPT and Gemcitabine differ in PDAC and ECC cell lines. Gemcitabine treatment induces significant cell death in two out of three PDAC cell lines. Cell viability for TFK decreased under Gemcitabine therapy, whereas EGI showed no response.
In opposition to that, DAPT treatment decreases cell viability of both ECC cell lines, and affects only one of the PDAC cell line, namely Panc1.
DAPT Reduces SP Cells in ECC Cell Lines, but Shows No Effect on PDAC Cell Lines
The pharmacological inhibition of the Notch pathway in the SP cells of ECC and Remarkably, the SP cells of both ECC cell lines show a strong response to treatment with 50 µM DAPT-and Gemcitabine ( Figure 5 ). An analysis of the therapeutic effect on the individual ECC cell lines revealed that the amount of SP cells in the EGI cell line decreased significantly compared to the untreated control under a treatment with 50 µM DAPT (M 0.39 ± 0.12, SD 0.22, p < 0.0001, Figure 5 ). In the TFK cell line, DAPT reduced the SP fraction significantly compared to the control (10 µM Figure 5 ).
In conclusion, these findings indicate that ECC cell lines show a higher amount of SP cells that respond evidently to the therapy with DAPT. In opposition to that, the smaller PDAC SP fractions are resistant to the therapy with DAPT. Gemcitabine reduces the SP cells of both ECC cell lines remarkably, while the effect on PDAC cell lines is limited on Panc1.
Conclusions
Unfortunately, PDAC and ECC are disastrous diseases in terms of their clinical shown to be an effective strategy both in adjuvant and palliative setting [13] .
FOLFIRINOX, an alternative regimen consisting of 5-FU/leucovorin, oxaliplatin and irinotecan showed promising results in advanced pancreatic cancer prolonging median overall survival up to 11.1 month even in palliative setting [6] .
Novel therapeutic regimens, where Gemcitabine was used in combination with Erlotiniband Nab-Paclitaxel, could also substantially improve survival in palliative cases [7] . Ongoing studies such as APACT (adjuvant therapy for pancreatic cancer trial: Gemcitabine plus Nab-Paclitaxel) and the French ACCORD/ PRODIGE study (modified FOLFIRINOX regimen) which are actively recruiting hold out the prospect of improving current gold standard therapy in PDAC also for adjuvant therapy. Neoadjuvant approaches with promising first results need to be evaluated further in lager clinical trials but could change the current treatment paradigm [14] .
Further exploration of ECC and PDAC tumor biology, with emphasis on what differentiates these tumor entities, may lead to the development of more specific and effective therapeutic regiments. However, this subject remains largely unexplored [5] . Therefore, this experimental study focuses on the relevance of CSCs and Notch pathway components in both ECC and PDAC cell lines, and whether ECC and PDAC differ in respect to these biological pathways. Therefore other proteins may play a more important role in the Notch mosaic, which needs to be explored further.
The studies of Plentz et al. confirmed a lack of the Notch pathway component Hes1 in undifferentiated pancreatic tumors, as opposed to a strong expression of this target in well-differentiated PDACs [15] . These findings suggest that the expression of Notch-associated proteins is subject to strong variations within the same tumor type. It is possible that this variation may also extend to cell lines. The most important limitation of this study is the utilization of cell lines, which do not provide an accurate model for the pathophysiology of PDAC due to the lack of a 3D structure that allows for interactions with the extracellular matrix and stromal tissue components, as well as the host immune system. Immunohistological studies of primary PDACs revealed that a strong Hes1 expression correlates to a poor outcome in pancreatic adenocarcinoma patients [22] .
The investigation of Notch signalling proteins in these tumor types should thus In conclusion, our preclinical findings suggest that the Notch pathway may constitute a promising molecular target, harboring the potential for a new cancer stem cell targeted therapy in ECC.
Experimental Procedures
Cell Lines and Culture Conditions
Monolayer cultures of three established pancreatic cancer cell lines (Panc-1, Capan, ASPC) and two distal cholangiocarcinoma cell lines (EGI, TFK) were cultured in RPMI 1640 medium (Gibco, Berlin, Germany) supplemented with 10% 
Flow Cytometry Analysis
Cells were harvested by trypsinization. For side population staining, Hoechst-33342 dye was added at a concentration of 5 µl/ml/10 6 cells/ml and cells were incubated Goodell et al. [30] . Flow cytometry was quantified by FACS LSRII and analysed by FlowJo as described previously [31] . UV filters (675/50 635LP and 450/50 420LP) were used to identify the Hoecht-3342 staining, afterwards voltages and gates were determined based on the unstained-and negative control ( Figure 6 ). PJ staining was used during the establishment to acquire the viability of the cell suspension. Experiments were repeated at least four times. 
CellTox Green Cytotoxity Assay
The cytotoxic effect of the gamma secretase Inhibitor DAPT and Gemcitabine on cell lines was evaluated using the CellTox Green Cytotoxity Assay Kit (Promega, Madison, USA), which measures changes in membrane integrity as a result of cell destruction.
Cells (2 × 10 3 /well) were cultured for 24 hours (approx. 80% confluence) at the above mentioned conditions. In the next step, CellTox Green dye solution 
TUNEL-Staining
For TUNEL staining, in Situ Cell Death Detection Kit TMR red (Roche, Basel, Switzerland) was used to determine apoptosis. This enzyme-driven labeling shows specific DNA breaks that develop in the early state of apoptosis. After staining, the cell nuclei were visualized using fluorescent microscopy (Keyence, Osaka, Japan) and counted manually. Experiments were repeated at least three times.
Statistical Analysis
Statistical analysis was performed using GraphPad Prism software (Prism 6 for Macintosh, version 6.0e, GraphPad Software, La Jolla, USA). Data distribution was evaluated for normality using D'agostino and Pearson Omnibus tests. Furthermore, a student's t-test was applied to compare normally distributed data sets and a Mann-Whitney test for used to compare not normally distributed data set. A one-way analysis of variance (One-Way ANOVA) or a Kruskal-Wallis-test was used to compare multiple groups for statistical significance, followed by post-hoc test (Tukey's and Dunn's) for confirmation. To assess the difference of multiple independent variables, a two-way analysis of variance (two-way ANOVA) followed by the post-hoc test (Tukey's) for confirmation, was used. P < 0.05 was considered as statistically significant. 
